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Abstract: 
Sperm storage is a central phenomenon to the reproductive cycle of a wide range of 
vertebrate species.  Although the morphological mechanisms of sperm storage and its 
consequences on sperm viability have been described separately in many taxa, there is 
a paucity of studies which have combined detailed descriptions of morphological 
variation with accurate estimates of sperm viability and its links to male and female 
mating strategies in the wild. This is particularly true in reptiles, despite the relatively 
high occurrence of sperm storage within this group. This thesis addresses these 
shortcomings by investigating seasonal morphological changes in sperm storage 
organs, along with temporal variation in sperm viability in epididymal sperm and its 
links to mating patterns in Niveoscincus ocellatus, a temperate-climate reptile with 
both male and female sperm storage. I show that N. ocellatus sperm viability varied 
throughout the mating period, being most viable early in the mating season before 
decreasing in viability later. In accordance with these changes, mating patterns also 
varied across the mating season. Specifically, copulations were more abundant early in 
the season (when sperm were most viable and abundant) compared to late in the 
season when copulation frequency was significantly lower. In contrast, I found no 
evidence for variation in mate choice across the mating season; males preferred large, 
unmated females to small, promiscuous ones throughout. In addition, I observed 
structural changes in sperm production and storage organs (e.g., the germinal 
epithelium and seminiferous tubules of the testes, the epithelium and lumen of the 
epididymal ducts, and the musculature, ciliation, lumen, and secretory activity of 
oviductal segments) across the mating season.  In most cases these changes are closely 
linked to the variation observed in reproductive cycles and mating patterns reported 
here and elsewhere. Specifically, the epididymides varied in size in accordance with 
sperm abundance and usage and closely corresponded with the observed mating 
patterns.  The cauda epididymis swelled in size as sperm were transferred into this 
storage location, and decreased in size as the mating season progressed and sperm 
abundances decreased. Additionally, the female oviduct underwent significant 
morphological changes in conjunction with vitellogenesis, and secretory activity was 
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heightened during periods of mating activity and sperm storage, increasing in 
concentration at the start of the mating season.  This work also generated several 
additional observations. For example, I found that oviductal sperm storage occurs in 
different locations to those previously described for skinks (i.e. the anterior and 
posterior vagina, as opposed to the infundibulum), supporting recent suggestions that 
morphological mechanisms of sperm storage vary between species much more than 
once believed.  Furthermore, I found that spermatogenesis begins in late autumn, but 
a long refractory period halts sperm production until late summer, when 
spermatogenesis resumes in preparation for the beginning of the mating season in 
early autumn.  This expands on previous work which implied that spermatogenesis 
began in late summer.  Finally, I found a rise in live sperm proportions in conjunction 
with a significant decrease in sperm abundance in spring, suggesting that, dead or 
defective sperm are either evacuated, or leak out of the epididymides to increase 
mating success from copulations occurring in their second period of mating activity.   
In summary, my results confirm previous descriptions of the reproductive cycle of 
male and female N. ocellatus and provide further information as to the progression of 
spermatogenesis, and the location of sperm storage in the female reproductive tract.  
Many of these changes correlate with changes in sperm production, usage and 
viability, and ultimately variation in mating patterns. This thesis thus provides an 
insight into the consequences of sperm storage in temperate-climate reptiles and the 
morphological features underlying it. In doing so, I provide an opportunity for further 
research to investigate the consequences of mating strategies with respect to sperm 
storage, for fertilization success, offspring phenotype and ultimately reproductive 
success. 
x 
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CHAPTER ONE 
General Introduction: 
Sperm storage describes the retention of live sperm within the reproductive tract of 
either males or females, and has evolved across a wide range of taxa (Parker, 1970; 
Birkhead and Møller, 1993; Olsson and Madsen, 1998; Holt and Lloyd, 2009). Sperm 
storage can last for as little as a few days in some mammals, to weeks or months in 
bats, fish and amphibians, and several years in some reptiles (Birkhead and Møller, 
1993; Holt and Lloyd, 2009).  Although many studies have described the occurrence of 
sperm storage, its duration, and its adaptive advantages, reviews have highlighted the 
paucity in our understanding of the mechanisms involved in sperm storage, and have 
emphasized the need to study sperm storage in more species (Girling, 2002; Holt and 
Lloyd, 2009). 
Since its discovery, many hypotheses have been generated to explain why animals 
store sperm (Parker, 1970; Birkhead and Møller, 1993; Simmons, 2005; Holt and Lloyd, 
2009).  Two hypotheses are generally accepted to account for the majority of 
occurrences of sperm storage. The first suggests that sperm storage arose as a fertility 
insurance mechanism. This has been suggested for systems in which mate encounter 
rates are low. In such systems, sperm storage would improve the chances of viable 
sperm occurring in the oviduct at time of fertilization and allow for the temporal 
separation of copulation from ovulation (Connor and Crews, 1980; Saint Girons, 1982; 
Birkhead and Møller, 1993).  Alternatively, it has been suggested that sperm storage is 
the result of temperature-dependent optimisation of gamete production. Specifically, 
spermatogenesis requires body temperatures above 20°C and a minimum of 8 to 10 
weeks of favourable conditions whereas vitellogenesis is dependent on stored fat 
reserves (Aldridge, 1975; Joly and Saint Girons, 1975; Saint Girons, 1985; Jones et al., 
1997), allowing male and female reproductive cycles to become disassociated and 
thus, resulting in a protracted mating season which requires long-term sperm storage 
(Jones et al., 1997; Murphy et al., 2006).  This explanation has been suggested to be 
particularly relevant to reptiles with high encounter rates. 
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Irrespective of the ultimate mechanisms underlying it, the evolution of sperm storage 
has a number of important consequences for adaptive evolution. The temporal 
separation of male and female reproductive cycles, for example, requires sperm to be 
stored throughout the mating season which spans the interval between 
spermatogenesis and ovulation. As sperm degrade with age (Millar, 1972; Vishwanath 
and Shannon, 1997; Jones, 2004; Pizzari et al., 2008a), this can have significant 
consequences for individual fitness.  Variation in sperm quality as a result of sperm 
storage can have significant implications for sperm viability, and in turn act as a strong 
selective force underlying mating strategies and mate choices in order to circumvent 
the consequences of sperm degradation during storage (Preston et al., 2001; Olsson et 
al., 2004; Kelly and Jennions, 2011). Males should optimise their mate choices to 
maximise the likelihood of fertilizing ova, and ultimately their reproductive success.  
Indeed, males are known to show preference for female fecundity in a wide range of 
taxa in order to maximise the number of ova they fertilize (Olsson, 1993; Andersson, 
1994; Jones et al., 2001).  Additionally, males should also optimise their mate choices 
for less promiscuous females as well; this would minimise sperm competition risks and 
increase siring success (Parker, 1970; Trivers, 1972).  Furthermore, if sperm quality is 
compromised as the season progresses, males should also be choosier early in the 
season when sperm viability is highest, and less discriminating later, when sperm 
viability is lower (Hardling et al., 2008; Cornwallis and O’Connor, 2009; Morse, 2010; 
Kelly and Jennions, 2011). Despite this, the majority of studies on sperm storage have 
focussed on the evolution of anatomical and physiological adaptations for  sperm 
storage, and few have considered the consequences of sperm storage for mate 
choices (Sever and Hopkins, 2004; Demont et al., 2011). 
The need for spermatozoa to be viable at the time of fertilization has selected for a 
variety of different mechanisms to sustain it over lengthy periods of time (Birkhead 
and Møller, 1993; Girling, 2002; Holt and Lloyd, 2009).  In females, sperm storage is 
known to occur in the lumen of the vagina, cervix, or uterus of mammals, as well as in 
specialized sperm storage tubules in some birds or reptiles (see Holt and Lloyd, 2009). 
Fish have also developed several other mechanisms such as direct storage within 
ovarian follicles to maintain sperm viability between mating and fertilization (Potter 
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and Kramer, 2000; Vila et al., 2007; Storrie et al., 2008).  In contrast, males tend to all 
store sperm in a similar manner: once sperm are produced in the seminiferous tubules 
of the testes, they travel through the epididymides and are stored in its posterior 
portion until they are ejaculated (Marion, 1982; Flemming, 1993; Van Wyk, 1995; 
Ibargüengoytía, 2004). The different sperm storage mechanisms result in variation in 
the quality of sperm available at fertilization, which  in turn is likely to act as a strong 
proximate mechanism underlying male and female mating patterns, such as when an 
individual mates (Parker, 1970; Trivers, 1972; Galvani and Johnstone, 1998; Preston et 
al., 2001; Sato et al., 2006; Cornwallis and O’Connor, 2009). Importantly, the timing of 
copulation will determine the length of time sperm are stored by each sex, and should 
be optimised to maximise the viability of sperm at fertilization.  The timing of 
copulation could thus have important repercussions on sperm quality at fertilization, 
offspring phenotype, and ultimately reproductive success (Olsson et al., 2007; Pizzari 
et al., 2008b; Olsson et al., 2009). Despite this, few studies have compared the 
morphological mechanisms associated with sperm storage in males and females across 
a mating season, let alone the consequences of sperm storage for mating strategies. 
Despite the high occurrence of sperm storage in reptiles, there is a paucity of studies 
which have investigated sperm storage and its consequences in this taxon. Since mate 
encounter rates are generally high in many reptiles (Uller and Olsson, 2008) it is 
suggested that sperm storage has evolved as a result of temperature-dependent 
spermatogenesis being temporally separated from fertilization due to environmental 
constraints (Saint Girons, 1985; Birkhead and Møller, 1993).  Since females commonly 
synchronize their biological processes with favourable environmental conditions in 
order to maximise offspring survival and their reproductive success (Heatwole and 
Pianka, 1993), their reliance on environmental temperatures has resulted in 
geographical variation in their reproductive cycles (Heatwole and Taylor, 1987; 
Wapstra et al., 1999).  In Australia, for example, 11 different reproductive cycles have 
been described, differing in the time of year when spermatogenesis and ovulation take 
place, as well as the duration of their mating season, and thus, the length of time for 
which sperm needs to be stored (Heatwole and Taylor, 1987).  In males, by contrast, 
reproductive cycles are much more diverse than in females.  Heatwole and Taylor 
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(1987) divided their 11 reproductive cycles into two main groups: species with spring 
ovulation and spring spermatogenesis (Type I), and species with spring ovulation and 
autumn spermatogenesis (Type II).  As reproductive cycles have evolved to vary in 
response to the environment, there have been concurrent requirements for sperm 
storage duration, and a large variation in mechanisms allowing for the storage of 
sperm.  The females of some species, for example, store sperm in their infundibulum, 
whereas others do so in their vagina, and some do so multiple areas (see Sever and 
Hamlett, 2002).  There is also considerable morphological variation within these 
regions as well: some species store sperm in special storage tubules whereas others 
store sperm in crypts, glands, epithelial folds or in loose bundles in the lumen (Bou-
Resli, 1981; Saint Girons, 1973; Connor and Crews, 1980; Perkins and Palmer, 1996; 
Girling et al., 1997).  Furthermore, some species have also been reported to produce 
acidic secretions in sperm storage areas as well, perhaps in aid of sperm survival within 
the female reproductive tract (Girling, 2002; Sever and Hamlett, 2002; Holt and Lloyd, 
2009). Despite considerable work having documented variation in sperm storage 
mechanisms between species, however, the reasons for this interspecific variation, 
and the consequences of sperm storage on mating patterns remain unknown. 
This thesis investigates the influence of sperm viability on the timing of copulations in 
a temperate-climate reptile in conjunction with mate choices, and also provides a 
morphological description of sperm storage mechanisms. In doing so, I aim to better 
understand the consequences of sperm storage for mating patterns, and the 
morphological patterns that underlie them. Niveoscincus ocellatus is a small viviparous 
lizard (adult snout-vent-length (SVL) = 55-85 mm) endemic to Tasmania, a temperate 
island south of Australia, occurring in rocky outcrops between sea level and 1200m of 
elevation (Wapstra and Swain, 2001). This species has temporally separated gonadal 
cycles with spermatogenesis occurring in late-summer and ovulation in late spring 
(Jones et al., 1997; Wapstra et al., 1999), and long-term sperm storage between these 
two reproductive events. Consequently, N. ocellatus also have a protracted mating 
season; they begin mating in early autumn and end in late spring, creating a large 
period of time in which mating can occur (Jones et al., 1997; Wapstra et al., 1999).  
Epididymal sperm storage takes place prior to copulation, and sperm storage by 
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females follows and lasts until females ovulate and fertilization occurs (Jones et al., 
1997; Wapstra et al., 1999; While and Wapstra, 2009). All female N. ocellatus copulate 
in autumn, prior to winter, and later, 30-40% of females copulate again in spring, after 
emergence from winter hibernation (Jones et al., 1997; Wapstra et al., 1999).  Thus, 
the timing of copulation determines the duration of epididymal and oviductal sperm 
storage in this species; females receiving copulations early in the year store sperm for 
more time than females that copulate later do so, and these latter receive sperm that 
has been stored longer in the epididymides. Despite this, we do not yet know the 
reason for this variation in copulation phenology.  Furthermore, despite N. ocellatus’ 
spermatogenic cycle being described as occurring prior to the mating season (Type II, 
Heatwole and Taylor, 1987; Jones et al., 1997; Wapstra et al., 1999), detailed 
descriptions of sperm storage locations, structures and morphological mechanisms 
involved in sperm storage do not exist for either sex of this species. 
This species’ dissociated gonadal cycles and lengthy sperm storage across a protracted 
mating season make it ideal for studying the consequences of variation in sperm 
viability on mating patterns in a temperate-climate reptile, as well as how their 
morphological mechanisms for sperm storage compare to other, previously 
documented squamate reptiles.  The purpose of this thesis is thus two-fold.  Firstly, to 
present anatomical descriptions of the testes, epididymides and oviducts of 
Niveoscincus ocellatus throughout their mating season in order better understand the 
morphological mechanisms involved in sperm storage in this species.  Secondly, to 
conduct analyses of epididymal sperm viability in conjunction with field-based 
documentations of mating patterns in order to better understand the consequences of 
sperm storage for sperm viability and the resulting mating patterns.  
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N.B. 
The following two chapters have been formatted for independent submission to peer-
reviewed journals and therefore, some repetition exists between chapters. Personal 
pronouns have also been changed from first person singular (I) to first person plural 
(we) due to co-authors being involved in their creation. 
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CHAPTER TWO 
Temporal variations in mating phenology in relation to sperm 
viability in Niveoscincus ocellatus, a temperate-climate reptile 
with long-term sperm storage. 
 
 
CHAPTER THREE 
Seasonal variation in the reproductive morphology of a 
temperate skink species, Niveoscincus ocellatus. 
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CHAPTER FOUR 
General Discussion: 
This thesis provides detailed anatomical descriptions of seasonal changes in the testes, 
epididymides, and oviducts of N. ocellatus, an analysis of the viability of sperm whilst 
stored in the epididymides, and a description of male mate preferences and mating 
patterns over the course of an entire mating season. In doing so, this thesis provides 
support for previous work describing the reproductive cycle of N. ocellatus, expands 
on our previous knowledge of their mating patterns, and offers the opportunity for 
future work to enhance our understanding of the causes and consequences of sperm 
storage for male and female reproductive success within temperate-climate reptiles. 
 
My observations confirmed that matings took place in autumn and spring.  However, 
females were approximately three times more likely to receive copulations in autumn 
than in spring, suggesting there was facultative sperm storage over winter by females.  
Since mating strategies are commonly influenced by sperm viability and its 
consequences on fertilization success (Galvani and Johnstone, 1998; Cornwallis and 
O’Connor, 2009), the higher number of copulations in autumn compared to spring and 
the resulting differences in the duration of male and female sperm storage, suggest 
that the oviduct is better suited for maintaining sperm viability than the epididymis in 
N. ocellatus.  Indeed, my sperm viability analyses revealed that sperm viability 
decreased significantly between autumn and winter in the epididymis.  Although I was 
unable to investigate sperm viability and survival in the female reproductive tract, the 
presence of acid muccopolysaccharides in areas of sperm storage, and their increased 
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concentration during periods of oviductal sperm, further suggests that the oviduct is 
well adapted for long-term sperm storage.  These secretions are hypothesized to be 
involved in the nourishment and/or maintenance of sperm during storage in a variety 
of taxa (Hamlett et al., 2002; Storrie et al., 2008). Ex situ experiments provide the 
opportunity to control access to mates, and as a result, the timing of copulation and 
the duration of male and female sperm storage. The paternity of resulting offspring 
can subsequently be assessed to determine the consequence of variation in the 
mating patterns of N. ocellatus on reproductive success.   
 
In addition to male and female sperm storage duration, the timing of copulations 
could also influence the order in which males mate with the same female, and by 
consequence, their likelihood of fertilizing a female’s ova.  Mating order has been 
reported to influence a male’s reproductive success in a variety of polygamous species 
and taxa (see Lessells and Birkhead, 1990).  The occurrence of copulations in spring in 
N. ocellatus suggests that benefits may exist from mating later than competing males 
with the same female. This type of last-male sperm precedence commonly occurs in a 
variety of taxa (Lessells and Birkman, 1990; Briskie, 1996; Birkhead, 1998; Kraaijeveld-
Smit et al., 2002; Eady and Tubman, 2011).  In some species, sperm has been 
described to become stratified or layered, giving the last male to copulate with a 
female precedence in fertilizing ova, and thus, an advantage over earlier-mating 
competitors (see Lessells and Birkhead, 1990).  The predominance of autumn 
copulations in N. ocellatus suggests that their mating patterns are influenced by sperm 
viability; however, the occurrence of spring copulations suggests that their mating 
patterns may be influenced by multiple factors including sperm competition resulting 
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from mating order. Although the consequences of male mating order are still unknown 
in this species, similarly to above, ex-situ mating experiments can manipulate male 
mating order by controlling access to females and later assess the paternity of 
resulting offspring to investigate the consequences of male mating order on 
reproductive success. 
This thesis also described further mating patterns that provide insight into the factors 
which may drive mate choices in N. ocellatus.  Promiscuous females with multiple 
copulation scars received fewer new copulations than those that only had a few scars, 
suggesting that male mate preferences were driven by female phenotype, and the 
likelihood of fertilizing ova.  Females with multiple copulation scars, and thus, sperm 
from multiple males within their reproductive tracts, potentially indicated a high 
degree of sperm competition, and as a result a lower chance of fertilization (Parker, 
1970; Trivers, 1972; Engqvist and Reinhold, 2006; Ball and Parker, 2007).  Females with 
fewer copulation scars, by comparison, carried sperm from fewer competitors and 
potentially offered a higher probability for each suitor to fertilize her ova.  Indeed, the 
driving of male mate choices by the probability of fertilizing ova, and ultimately 
reproductive success, is widespread (Trivers, 1972; Bondurianski, 2001; Olsson, 2001; 
Hardling et al., 2008).  Interestingly, however, the overall number of copulations 
females received was low considering the length of the protracted mating season, 
suggesting that copulation frequency may be controlled by females for example. 
Indeed, since copulations are commonly associated with costs to females (e.g. 
exposure to predators, Rowe, 1994; disease, Thrall et al., 2000, and physical 
harassment from males, Chapman et al., 1995), females should only mate enough 
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times to guarantee the fertilization of their ova (see Simmons et al., 2005). Although 
this thesis provides evidence for the likelihood of a female receiving a copulation being 
influenced by the number of copulations she had previously received, the factors 
driving the total number of copulations received by females were not determined.  
The consequences of variation in copulation frequency, however, could be better 
understood by ex situ manipulative experiments controlling for the number of mates a 
female receives, and assessing female and offspring health, to give us a better insight 
into the factors driving copulation frequency in N. ocellatus.   
 
Furthermore, this thesis also offers support for previous descriptions of the 
reproductive cycles of male and female N. ocellatus, reveals interesting previously 
undescribed aspects of these cycles, and provides detailed histological descriptions of 
the mechanisms underlying sperm storage.  My analyses confirmed that male N. 
ocellatus sperm production occurs once per year (Jones et al., 1997; Wapstra et al., 
1999) and that once sperm were produced, they travelled into the epididymis, and 
were stored in its posterior segment until ejaculated, similarly to that of a number of 
lizard species (Marion, 1982; Flemming, 1993; Van Wyk, 1995; Ibargüengoytía, 2004). 
Interestingly, my work also indicated that spermatogenesis followed a different 
progression to what was previously described for this species.  Specifically, I showed 
that early- and late spermatogenesis were temporally separated by a long refractory 
period which began in late autumn, and that the late-summer peaks in testes size and 
androgen levels previously reported to be associated with spermatogenesis (Jones, et 
al., 1997) were in fact only associated with the final step of sperm production (late 
spermatogenesis).  Similar spermatogenic refractory periods are common in many 
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birds and reptiles (Marion, 1982; Licht, 1984; Bharti et al., 2011), but controversies 
exist as to whether they are triggered by temperature effects or hormonal stimulation, 
specifically FSH (Follicle Stimulating Hormone) (Licht, 1984; also see Gribbins, 2011).  
Although FSH fluctuations have yet to be studied in this species, the refractory period 
takes place just prior to winter, suggesting it may be driven by environmental 
temperatures.  Further examinations of the effects of temperature and FSH on 
spermatogenic progression and regression, however, would provide a better 
understanding of the factors driving the reproductive cycle of male N. ocellatus. 
 
My analyses revealed that sperm viability decreased with time, being highest in early 
autumn and lowest in winter. However, live sperm proportions were also higher in 
spring than in winter.  This result was unexpected because no new sperm were 
produced in spring.  The spring increase in sperm viability occurred concurrently with a 
significant decrease in epididymal sperm abundance, suggesting the presence of a 
mechanism to release dead sperm from the epididymides, decreasing the volume of 
sperm, but raising the overall proportion of live sperm present.  Indeed such 
mechanisms for epididymal cleansing exist in many taxa, whereby dead and defective 
sperm are evacuated from, or leak out of the epididymides to increase overall sperm 
viability prior to a secondary mating period (Millar, 1972; Lincoln, 1974; Jones, 2004), 
but none had previously been noted in N. ocellatus. Such mechanism are known to 
commonly occur in conjunction with a decrease in androgen levels (Jones, 2004), and 
indeed, such a decrease was previously recorded between August and September in 
this species (Jones et al., 1997).  Although this work revealed the existence of a 
mechanism to maximize sperm viability in conjunction with male emergence from 
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hibernation and previously measured androgen fluctuations, detailed accounts of the 
cellular processes underlying this mechanism in N. ocellatus do not exist.  Closer 
observations using SEM may better describe the interactions between sperm and the 
epididymis, and elucidate how dead and/or defective sperm are removed.    
 
In females, my histological analyses confirmed that N. ocellatus stored sperm from 
early autumn, through to ovulation in late spring, and further identified that they did 
so in different areas to those previously described for skinks (Saint Girons, 1973; also 
see Sever and Hopkins, 2004).  This supports recent work suggesting that sperm 
storage locations and mechanisms vary interspecifically (Birkhead and Møller, 1993; 
Girling, 2002; Murphy et al., 2006; Holt and Lloyd, 2009). I revealed that female N. 
ocellatus stored sperm in the epithelial folds and lumen of the anterior and posterior 
vagina, rather than the infundibulum, as was once suggested for all skinks (Saint 
Girons, 1973; Sever and Hamlett, 2002).  Additionally, sperm were also found more 
anteriorly in the vagina in May than in April, suggesting that sperm migrated from the 
posterior vagina to the anterior vagina in early autumn.  Indeed, anteriorward sperm 
migrations have previously been noted in other squamate reptiles as well, and have 
been suggested to result from ciliary action in the vagina (Halpert et al., 1982; Perkins 
and Palmer, 1996).  Although the manner by which sperm migrated up the oviduct of 
female N. ocellatus could not be ascertained in this study, the vagina was indeed 
heavily ciliated, suggesting that sperm may travel anteriorly by the same mechanism 
as has been described in other species (Halpert et al., 1983; Perkins and Palmer, 1996).   
In addition to storage-related morphological variations, the oviduct also underwent 
several structural changes in the uterus and vagina in conjunction with vitellogenesis. 
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Specifically, the posterior vagina’s muscularis and epithelium, the anterior vagina’s 
serosa and epithelium, and the uterus’ muscularis, serosa and epithelium were all at 
their thickest mid-vitellogenesis.   Indeed, peaks in thickness of muscularis and 
epithelial cell heights have previously been described in many other reptiles in 
conjunction with vitellogenesis (Palmer and Guillette Jr., 1990; Girling, 1997; Corso et 
al., 2000; Girling, 2002).  Lastly, the tubular glands present in the uterus also 
underwent seasonal changes, growing in size as the mating season progressed, and 
degrading after females ovulated.  Although similar glands have been reported as 
sperm storage locations in some reptile species (Palmer and Guillette Jr., 1992; Sarkar 
et al., 1995; Girling, 2002), they are typically associated with eggshell production 
(Palmer et al., 1993; Girling, 1998; Girling, 2002).  Indeed, any viviparous species retain 
eggshell production glands and the yolk masses produced by female N. ocellatus are 
covered by a thin shell membrane (Stewart and Thompson, 2004).  Therefore the 
changes in the tubular glands of the uterus are likely better explained by vitellogenesis 
and the shelling of the yolk, rather than sperm storage.   Such seasonal changes in 
oviductal structure are known to be triggered by hormonal changes in a variety of taxa 
(Callard et al., 1978; Sarkar et al., 1996; also see Girling, 2002), and indeed, changes in 
estradiol and progesterone have been noted over the course of the mating season of 
N. ocellatus as well, notably during vitellogenesis, when most structural changes 
occurred (Jones et al., 1997).  Furthermore, the hormone assays previously 
undertaken showed that progesterone and estradiol levels were lower in autumn, 
when females received few copulations, and were elevated in spring, when 
copulations were more sparse (Jones et al., 1997). The conjunction of the seasonal 
changes described herein with the mating patterns I discussed above and previously 
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undertaken hormone assays, suggests that the oviduct of female N. ocellatus is a 
hormonally-controlled complex environment with significant structural changes in 
relation to vitellogenesis, as well as secretions perhaps dedicated to sperm storage.  
Although the interactions between sperm and the female reproductive tract were not 
discernible in this study, the relationship between sperm and the epithelium, as well 
as the acid muccopolysaccharide secretions discussed above, may be more closely 
investigated using SEM observations to better explain the mechanisms underlying long 
term sperm storage in female Niveoscincus ocellatus.   
 
In summary, this thesis provides an insight into the mechanisms underlying seasonal 
changes in the reproductive and sperm storage organs of male and female 
Niveoscincus ocellatusas well as their effects on male sperm viability and female 
mating patterns in a wild population.  Such a combination of morphology, physiology 
and behaviour is essential for creating an understanding of the proximate mechanisms 
underlying long term sperm storage.  This thesis therefore provides a valuable basis 
from which future work can explore the consequences of long term sperm storage for 
both male and female reproductive success, and ultimately the strength and direction 
of sexual selection in this species. 
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